Recent papers have argued that one implication of globalization is that domestic inflation rates may have now become more a function of "global", rather than domestic, economic conditions, as postulated by closed-economy Phillips curves. This paper aims to assess the empirical importance of global output in determining domestic inflation rates by estimating a structural model for a sample of G-7 economies. The model can capture the potential effects of global output fluctuations on both the aggregate supply and the aggregate demand relations in the economy and it is estimated using full-information Bayesian methods. The empirical results reveal a significant effect of global output on aggregate demand in most countries. Through this channel, global economic conditions can indirectly affect inflation. The results, instead, do not seem to provide evidence in favor of altering domestic Phillips curves to include global slack as an additional driving variable for inflation.
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Introduction
The degree of global integration in goods, factor, and financial markets has substantially increased over the last two decades. This process of globalization is likely to have induced significant changes in the behavior of macroeconomic variables in most countries. Among other things, several observers have argued that globalization may have altered the dynamics of inflation. First, many have recognized that globalization may have been a contributing factor in reducing inflation rates around the world, although the size of its effect is controversial. 1 But others have offered the more radical argument that, in a globalized economy, the popular closed-economy Phillips curves, which relate current inflation rates to expected inflation and current domestic resource utilization, may no longer be an appropriate description of inflation behavior. Borio and Filardo (2007) , in fact, provide empirical evidence that shows how measures of "global", rather than domestic, economic conditions may have now become the relevant measure of unused capacity that drives inflation. An ensuing paper by Ihrig et al. (2007) , however, finds that global output is unimportant following a similar empirical strategy.
The aim of this paper is to evaluate the empirical importance of global output as a driver of domestic inflation rates. But, while empirical work in this area has focused on single-equation regressions, this paper uses a structural model, derived from microfounded behavior by households and firms, and estimated using full-information techniques, to assess the relevance of global measures of output in the sample of G-7 countries.
The use of a structural model is motivated by the need to disentangle the different channels through which global slack can play a role in the economy. Single equation estimations may have difficulties controlling for the effect of global output on domestic output, for the influence of monetary policies, for the effect of expectations, and, at least in the case of the U.S., for the possible endogeneity of measures of global output to U.S. business cycle developments. These factors can all be taken into account in the general equilibrium estimation.
The paper adopts the model derived in Clarida, Galí, and Gertler (2002, hereafter CGG) and Woodford (2007) to capture the potential effects of foreign output fluctuations on domestic macroeconomic behavior. Foreign output affects both the aggregate supply and demand relations in the economy. It affects domestic output through the assumption that consumers 1 Several researchers (e.g., Rogoff, 2003 , Ball, 2006 , policymakers (e.g., Fisher, 2005 , Kohn, 2006 , Bernanke, 2007 , and the business press (e.g., The Economist), have debated the hypothesis that globalization has led to lower worldwide inflation. 3 Overall, mainly through the effect on domestic demand, global output can still affect domestic inflation rates. From the variance decomposition, shocks to global conditions account for a non-negligible share of output fluctuations in France, Germany, Canada, Italy, and the U.K., while they are less central in the U.S. and Japan. The spillovers to inflation are limited, as global output shocks account for 13% of fluctuations in inflation in France, less than 10% in the U.S., Italy, Canada, and the U.K., and they are unimportant in Germany and Japan.
The paper aims to contribute to the literature on the effects of globalization on inflation.
Various papers evaluate the relationship between openness and average inflation rates using a cross-section of countries. Romer (1993) , in a seminal paper, finds a robust negative relationship: average inflation is lower in more open economies. This paper is, however, more closely related to the debate on whether global slack has become an important determinant of inflation rates, and, therefore, to the work by Borio and Filardo (2007) , which provides empirical evidence in favor of the global slack hypothesis, and by Ihrig et al. (2007) , which finds opposite conclusions.
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This paper shares their main scope, but it uses a different modeling and empirical approach. The paper adopts a structural model of inflation and output dynamics and full-information Bayesian methods to take the model to the data. Among other things, the general equilibrium model makes it possible to identify two channels through which global output can influence inflation: a spillover effect of global output on domestic output, which seems to matter in most countries, and a direct effect of global output on inflation, which is, instead, unimportant in most countries.
The paper is also related to the recent efforts by Sbordone (2007) and Guerrieri et al. (2008) to model other channels through which globalization may affect inflation. Sbordone (2007) is mainly interested in analyzing how the increased competition that may be induced by globalization affects the slope of the Phillips curve, i.e. the sensitivity of inflation to domestic economic activity or real marginal costs. The effect is a matter of dispute, as previous papers have argued that globalization may either lead to a flattening of the Phillips curve (e.g., Razin and Yuen, 2002 , Razin and Loungani, 2005 , and Razin and Binyamini, 2007 or to its steepening (Rogoff, 2003) . Sbordone relaxes the assumption of constant elasticity of substitution among differentiated goods, by allowing it to vary with the firm's relative market share. It is through The evidence from other papers is also mixed: Gamber and Hung (2001) and Wynne and Kersting (2007) find that measures of foreign capacity utilization seem to affect U.S. inflation, while Tootell (1998) an open economy New Keynesian Phillips curve, which is derived under the assumption of a variable elasticity of demand, and they show that foreign competition causes a reduction in the domestic firms' desired markup and, therefore, it lowers inflation. As in the case of Sbordone's paper, the effects of globalization that they stress can be seen as complementary to those in the current paper. A recent paper by Zaniboni (2008) investigates the effects of globalization on the level of inflation, on the slope of the Phillips curve, and on the sensitivity of inflation to global slack. He uses a calibrated model and argues that the effects on the Phillips curve are likely to be limited. The empirical evidence presented here points in the same direction, although it illustrates how global output may play a larger role through the domestic demand channel. 
The Model
The economic framework that will be used to study the effect of foreign or global output on inflation is the two-country New Keynesian model derived in CGG (2002). A similar framework has also been used, among others, by Woodford (2007) , to discuss the potential impact of globalization on the effectiveness of national monetary policies, by Benigno and Benigno (2006) , to study international monetary policy cooperation, and by Zaniboni (2008) , to investigate the potential effects of globalization on the level of inflation, and on the slope and structural form of the Phillips curve. The choice of a relatively simple model is meant to make the potential effects of global slack on the domestic economy more transparent and to facilitate comparison with similar small-scale New Keynesian models that have been commonly estimated under the closed-economy assumption.
In the empirical section, each G-7 country will be considered, in turn, as the relevant Home country and a large set of the country's main trading partners will form the Foreign sector. 
where 0 < β < 1 is the discount factor, σ > 0 is the elasticity of intertemporal substitution in consumption, ϕ > 0 is the inverse of the Frisch elasticity of labor supply, ζ t is an aggregate preference shock, H t denotes hours of work, and C t is an index of consumption of both domestic and foreign goods
where C H,t is a Dixit-Stiglitz index of goods produced in the home country and C F,t is an index of goods produced abroad; the coefficient γ denotes the share of foreign-produced goods in both the domestic and foreign households' consumption baskets.
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The flow of budget constraints is This section simply sketches the main elements of the model. A detailed derivation can be found in CGG (2002) and Woodford (2007) . 4 As in CGG (2002) and Woodford (2007) , the model is derived under the simplifying assumptions that households in both countries consume an identical basket of goods, that the elasticity of substitution between domestic and foreign goods is equal to 1, and that there are complete financial markets. given each period by
where
F,t denotes the aggregate price level, where k ≡ (1 − γ) 1−γ γ γ and P H,t and P F,t are price indices for domestically and foreign-produced goods, Q t denotes the stochastic discount factor, B t denotes the nominal value of the household's portfolio, W t is the nominal wage, H t denotes the hours of labor supplied, Π t denotes the profits received from firms, and T t denotes net tax collections. Intratemporal and intertemporal optimization implies the following first-order conditions
The law of one price is assumed to hold at all times: this, along with the assumption of equal consumption baskets in both countries, leads to the relation P t = t P * t , where t denotes the nominal exchange rate and P * t is the aggregate price index in the foreign country.
Firms.
A continuum of monopolistically-competitive firms populates the economy. Each firm produces the differentiated good i according to the production function
where A t denotes the state of technology, h t (i) denotes the labor input for firm i, and φ ≥ 1 allows for diminishing returns to the labor input. Firms are assumed to set pricesà la Calvo.
A fraction 0 < α < 1 of firms is not allowed to reoptimize in a given period and is assumed to simply follow the indexation rule proposed by Christiano, Eichenbaum, and Evans (2005)
where 0 ≤ ι ≤ 1 represents the degree of indexation to past inflation π t−1 . The remaining fraction (1 − α) of firms that can revise their price, instead, chooses the new optimal price p t (i)
to maximize
subject to the demand for each good given by
where Y T denotes aggregate domestic output and θ > 1 denotes the elasticity of substitution among differentiated goods.
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The optimal price satisfies the first-order condition
where µ ≡ θ/(θ−1) denotes the firm's markup of prices over marginal costs and M C t (i) denotes the nominal marginal cost for firm i, which can be expressed as
where M C t is the average marginal cost for domestic firms. The stochastic discount factor can be expressed as
while, since the Home economy is open, the marginal cost will be given by
where ω ≡ [(1 + ϕ)φ − 1] and δ t is a measure of price dispersion for domestic goods, and which is obtained using the expression that relates consumption to domestic and foreign output
t . Therefore, it can be noticed that the aggregate supply of the economy, which will be obtained by log-linearizing (2.11) along with the domestic price index law of motion, will depend on both domestic and foreign output terms. Foreign output Y * t , in fact, affects both the marginal utility of income at which future profits are discounted (through Q t,T ) and domestic firms' marginal costs (as shown by 2.13). An increase in foreign output produces two opposite effects on marginal costs: a positive effect, as higher foreign output leads to higher domestic consumption, hence to lower marginal utilities of consumption and income, and higher marginal costs (with a size of the effect depending on γ σ ), but also a negative effect, since it leads to an appreciation of the Home country's terms of trade and hence to a higher marginal utility of income and lower marginal costs (whose impact is captured by γ). 5 The Phillips curve is derived under the assumption of producer-currency pricing. Zaniboni (2008) studies the effects of globalization on open-economy Phillips curves under the alternative cases of producer-currency pricing, local-currency pricing, and dollar-dominant pricing. He shows, however, that the coefficient on foreign output, which is the main focus of this paper, is not affected by the modeling assumptions about the currency in which exporters set prices. 16) whereπ t ≡ π t −ιπ t−1 . Equation (2.14) is a New Keynesian Phillips curve, in which the domestic inflation rate π t depends on expected and lagged inflation rates (through the assumption of partial indexation) and on both domestic and foreign output terms (denoted by y t and y * t ). The coefficients κ H and κ F denote the sensitivity of inflation to domestic and foreign economic activity. Foreign output enters the aggregate supply relation because in the model marginal costs do not depend exclusively on domestic production, but also on foreign production, since the latter affects the marginal utility of income, which affects the wage demanded by domestic workers. Equation (2.15) is the log-linearized Euler equation, which is derived under the assumption that households consume a basket of domestically-produced and foreign-produced goods. Current domestic output depends on its one-period-ahead expected value, on the ex-ante real interest rate, and on foreign output. The coefficientσ denotes the sensitivity of output to the ex-ante real interest rate, while ϑ accounts for the influence of foreign on domestic output. Equation (2.16) is a Taylor rule, which is assumed to describe monetary policy decisions (the short-term nominal interest rate i t is the policy instrument): χ π and χ y denote the feedback coefficients to inflation and output, and ρ captures the inertial behavior of policy rates. The variables u t and η t denote supply and demand shocks and are assumed to follow the AR(1) processes η t = ρ η η t−1 + ν η t and u t = ρ u u t−1 + ν u t , while the policy shock ε t is i.i.d. As u t and η t may be both affected by technology and preference shocks, they are likely to be correlated (hence their correlation ρ η,u will also be estimated in the empirical section).
The foreign economy will not be treated as structural in the estimation. In a fully-structural model, the foreign economy would be described by a set of equations that are the mirror image of (2.14) to (2.16 ). This would require specifying a global Taylor rule and global Phillips and IS curves with common coefficients across the Home country's trading partners that will be used to construct the global slack measure. I prefer here to avoid those assumptions: as 9 the main interest of the paper lies in inferring the effect of foreign output on the domestic economy, misspecifications of the foreign sector may unnecessarily bias the estimate of such effect. Foreign output y * t , therefore, is assumed to evolve as an AR (1) process y * t = ρ * y * t−1 + v t in all cases, except for the model with the United States as the Home country. Since the United States are widely believed to be an important driving force of global output, in the U.S. estimation global output will be allowed to depend on U.S. variables, as 17) where the coefficients δ y and δ r denote the sensitivity of global slack to U.S. output and real interest rates (it is, therefore, assumed, as in Milani, 2009 , that U.S. economic conditions affect global variables with a one-quarter lag).
Global Slack Data
The model is estimated for each G-7 country (United States, Japan, Germany, France, United Kingdom, Italy, and Canada), which is in turn treated as the Home economy. The main objective in the estimation is to assess the effect of foreign or "global" output on domestic macroeconomic variables, and, in particular, on the domestic inflation rate.
For each country, I use quarterly data on inflation, detrended output, short-term nominal rates, along with the relevant foreign output series. Domestic output is given by the HPFiltered real GDP series (seasonally adjusted, smoothing parameter λ = 1, 600), domestic inflation rates are calculated as the log difference in the GDP Implicit Price Deflator, while short-term call money rates are used as the relevant monetary policy instruments (except for the U.S., for which I use the federal funds rate, and for France, for which I use the three-month Treasury rate).
To compute the relevant measure of global slack for each country, instead, I identify its major 30 (40 for the U.S.) trading partners in 2007 and obtain quarterly data on their real GDP as well as their exports and imports with the domestic country over the sample.
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Real GDP series for each trading partner are also detrended using the HP filter (s.a., λ = 1, 600).
7
The relevant foreign output series for each G-7 country j, denoted by y * t,j , is then calculated as the weighted average of its trading partners' detrended output series, where the time-varying weights w i t,j are given by the sum of Home country j's imports and exports with trading partner i in each period t as a fraction of the total Home country j's imports and exports in period t:
where i = 1, ..., N is an index for the different trading partners, y i t,j is the detrended output of trading partner i of Home country j, and
. Table 1 , are above 0.9), while the derived global slack series for the U.S., Canada, and especially Japan, are clearly distinct (for example, the correlation coefficients between global slack for Japan and those for European countries are around 0.5).
inferring a reliable theoretical measure of "global output gap" (e.g., Wynne and Solomon, 2007), I prefer here to focus on a widely used statistical measure. 8 In few cases, data for a trading partner are available only at the annual, but not quarterly frequency: these countries are dropped from the analysis (these cases, however, are marginal, as they refer to countries with weights w i t,j close to zero, and, therefore, unlikely to have sizeable effects on the results). When data are instead not available starting from 1985 for some trading partners, the countries are assigned a zero weight until the first quarter of available data, when they start being included in the global slack calculation.
Does Global Output Affect Domestic Inflation Rates?
The model is estimated using Bayesian methods to fit the data on detrended output, domestic inflation rates, nominal interest rates, and the relevant global output measure for each 
The priors for the coefficients in Θ are described in Table 2 . I assume a Gamma prior distribution with mean 0.05 and standard deviation 0.04 for the coefficient κ H and a Normal distribution with mean 0 and standard deviation 0.15 for the main parameter of interest κ F :
as there is not much existing evidence on the value of this parameter, the prior is centered at 0 and does not constrain κ F to be positive; its sign is, in fact, ambiguous from the theory. The effect of the domestic output gap on inflation, instead, is restricted to be positive. I assume a Normal prior distribution for ϑ with mean 0 and standard deviation 1: again, this prior is meant to be rather uninformative, both in terms of sign and magnitude, about the sensitivity of domestic to global variables. The coefficientσ follows a Gamma with mean 0.25 and standard deviation 0.175.
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As regards the monetary policy rule coefficients, (χ π − 1) has a prior Gamma distribution with mean 0.5 and standard deviation 0.35 (all the prior probability is hence placed on values of χ π above 1 to ensure that the Taylor principle is satisfied, which seems sensible for post-1985 monetary policies), and χ y has a normal prior distribution with mean 0.5 and standard deviation 0.25.
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All the autoregressive coefficients follow Beta prior distributions, while inverse Gamma priors are used for the standard deviations of the shocks 9 I have repeated the estimation with a prior forσ with a larger mean (Gamma prior with mean 1 and standard deviation 0.7), but the empirical conclusions are unaffected. 10 The paper implicitly assumes that there are no significant differences in the pre-and post-ECB monetary policy rule coefficients for Euro-area countries. While monetary policy is common in the Euro area, the Taylor rules in the model include only country-specific variables. This assumption is unlikely to have any influence on the main results of interest. As a check, however, I re-estimate the models stopping the sample in 1998 for Germany, France, and Italy, and report the results in the robustness section. The main conclusions in the empirical analysis are unchanged. for ϑ is 0.148; the small effect is probably due to the particular developments in the Japanese economy in the sample (which includes Japan's "lost decade" years), which were largely driven by internal, rather than global, factors.
Turning to the other coefficients, the degrees of inflation indexation in the post-1985 sample are limited in most countries (the values of ι range from 0.158 in Germany to 0.247 in the U.S.).
13
As the U.S. are usually regarded as an engine of global economic growth, in the estimation with the U.S. as the Home country, global output is allowed to depend on past U.S. output and real interest rates: the posterior mean for the coefficients denoting the sensitivity of global output to U.S. output (δ y ) is equal to 0.158 and to U.S. real interest rates (δ r ) is equal to -0.036 (Milani, 2009 , finds that the dependence on U.S. variables is larger in the pre-1979 period than in the post-1985 period).
Model Comparison.
To fully assess the role of global slack, besides looking at the posterior estimates, one needs to verify whether its inclusion in the model improves the model's ability to fit the data and which channels are important.
The contribution of global slack is, therefore, evaluated by re-estimating the model for each country and shutting down, in turn, either the foreign output effect through aggregate supply (by setting κ F = 0) or the foreign output effect through aggregate demand (by setting ϑ = 0).
The models' marginal likelihoods in these two alternative cases are then compared with the marginal likelihood from the baseline model (in which both domestic and global slack are included and whose estimates are reported in Table 3 ). Finally, I also consider a specification in which the effect of domestic output on inflation is shut down (setting κ H = 0): only global slack enters the Phillips curve.
The log marginal likelihoods are shown in Table 4 Table 5 shows that innovations to global output can account for more than 20%
of output fluctuations in the U.K., Italy, and Canada, for 31% in Germany, and for 55% in
France. Business cycles in these countries, therefore, are to a large extent affected by external economic conditions. Mostly through that channel, global output shocks can also account for 13% of inflation fluctuations in France and for a smaller fraction in Canada and Italy Table 6 and do not alter the main conclusions:
the global slack term often enters the Phillips curve with a negative coefficient and typically one very close to zero (all the results described in the previous section also remain unchanged).
The estimates for the other coefficients are similar: the only noticeable changes refer to the indexation coefficient and the autocorrelation of the cost-push shock, which fall closer to zero of the mixed evidence on the sensitivity of inflation to global slack coming from previous literature, however, holding such an informative prior seems unlikely before observing the data).
As a further check, I also increase the mean and standard deviation for the prior on κ H (now a Gamma with mean 0.1 and std. 0.08) and repeat the estimation: the model rankings do not change for the U.S., while they switch for France (the models' marginal likelihoods remain very close to each other for Italy). The estimated coefficients in the baseline models, instead, do not change. Therefore, the conclusion from the variance decomposition that shocks to global output can account for a modest portion of inflation fluctuations in these countries is robust.
Correlation Among Shocks.
The baseline estimation has assumed that shocks to domestic and global output gaps were uncorrelated. I now allow these shocks to be correlated and re-estimate the models for the U.S., France, and Italy. The largest estimated correlation coefficient is equal to 0.097, obtained for the U.S. specification; the remaining coefficients and the model comparison conclusions do not vary.
Conclusions
Recent studies have suggested an important role for global output as a variable driving domestic inflation rates.
This paper has investigated its empirical importance by estimating a structural model, which Table 5 -Forecast Error Variance Decomposition: contribution of shock to global output to domestic inflation and output. The table reports the variance decomposition obtained for the baseline model specification (whose corresponding estimates are reported in Table 3 ) for each country.
